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ÅBackground and motivation

ÅSimulation Setup - Determine and validate the 
optimal catalyst particle drag model

ÅSimulation Setup - Validate Residence Time 
Distribution (RTD) calculations by comparing to 
experimental data

ÅSimulation Application - Predict gas and catalyst 
RTDs in the NREL VPU reactor over a range of 
operating conditions

ÅConclusions and next steps

Presentation Outline
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Consortium for Computational Physics and Chemistry (CCPC)
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Vision: The computational toolset developed by CCPC facilitates the modeling of biomass industrial technologies 

from atomic to process scales, thereby reducing the cost, time, and risk in commercializing bioenergy technologies.

www.cpcbiomass.org

Atomic Scale 
Catalysis Modeling

MesoScale 
Particle Modeling

Process Scale 
Reactor Modeling

Understanding mass transport of 
reactants/products and coking 

and degradation processes

Investigating novel catalyst material 
combinations and understanding 

surface chemistry phenomena to guide 
experimentalists

Determining optimal 
residence time 
distributions for 

maximum yield and 
enabling scale-up 

ACSC
Advanced Catalyst 

Synthesis & Characterization

CCM
Catalyst Cost Model

ChemCatBioEnabling Projects
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Process Scale 
Reactor Modeling

Determining optimal 
residence time 
distributions for 

maximum yield and 
enabling scale-up 

Background and Motivation

ÅGoal of this work: Use reactor-scale multiphase 
computational fluid dynamics simulations of 
catalytic upgrading of biomass pyrolysis vapor to 
provide:
- Detailed modeling of hydrodynamics, chemistry, and heat 

transfer

- Model validation using experimental data

- Determine gas and catalyst residence time distributionsfor 
use in reduced-order reactor models and to help guide 
experiments

- Provide a validated computational tool to support reactor 
design, scale-up, and optimization

ÅModels use the NETL MFiXSoftware Suite
- MFiXςMultiphase Flow with interphase eXchanges

- CFD software for reacting, multiphase flow developed 
and supported by NETL 

- Open-Source, available to the public
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ÅCCPC reactor simulations study a broad range of NREL reactor scales
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Computational 

Domain in Red

нέ CƭǳƛŘƛȊŜŘ .ŜŘ 
Reactor

Upgrader*

Davison 
Circulating Riser 

(DCR)        
Reactor*

TCPDU R-Cubed Upgrader*

0.5 
kg/hr

2 
kg/hr

15 
kg/hr

*All (3) Reactors at NREL

WR Grace

PSRI (redesign)

Relevant to 
new BETO 
catalysts

Relevant to 
Industry

Relevant to Scaled-Up 
Verification

Background and Motivation
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Computational 

Domain in Red

TCPDU R-Cubed Upgrader

ÅThe NREL R-Cubed Vapor Phase Upgrader (VPU) Riser is the subject of this study
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Background and Motivation
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Simulation Setup ςDetermine and validate the 
optimal catalyst particle drag model
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Å The VPU system is challenging to 
model
- Small H-ZSM-5 (ECAT) particles 

need special consideration - Geldart
A classification

- Wide range of hydrodynamics 
encountered in full-loop CFBs

- Limited grid resolution due to 
computational cost

ÅA comprehensive evaluation of 
drag models for Group A particles 
was performed
- Eight drag models were evaluated 

over a range of fluidization 
regimes 

- Detailed, three-dimensional 
simulations were conducted 

- Model results were compared to 
experimental data 
ÅAxial profiles of time-averaged gas 

volume fraction were basis of 
comparison

ÅData from literature

Bubbling

Fluidization

Turbulent

Fluidization

Pneumatic 

Transport

Fast 

Fluidization

Different fluidization regimes for GeldartGroup A 
particles were studied
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Turbulent fluidized  
bedFast fluidized bed

Pneumatic transport

Bubbling fluidized bed
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ÅEvaluate the agreement for 
all fluidization regimes
- Define an average error

- Based on this metric, the 
filtered model of Sarkaret 
al. (2014) and the  EMMS (Li 
and Kwauk, 1994) models 
yield the best agreement for 
all fluidization conditions

Å However, EMMS is system and operation dependent
Å A new drag expression is needed for each operating condition
Å Depends on temperature, solid circulation rate, superficial gas velocity, etc.

Å Sarkar et al. (2014) is a universal model,it was selected as the best option 
for large-scale VPU simulations

Simulation Setup ςDetermine and validate the 
optimal catalyst particle drag model

Sarkar A., Sun X., Sundaresan{Φ όнлмпύ ±ŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǎǳōπƎǊƛŘ ŦƛƭǘŜǊŜŘ ŘǊŀƎ ƳƻŘŜƭǎ ŦƻǊ ƎŀǎπǇŀǊǘƛŎƭŜ ŦƭǳƛŘƛȊŜŘ ōŜŘǎ ǿƛǘƘ ƛƳƳŜǊǎŜŘ ŎȅƭƛƴŘŜǊ ŀǊǊŀȅǎΦ /ƘŜƳƛŎal
Engineering Science, 114, 144ς154. 
Li, J., Kwauk, M., (1994), Particle-Fluid Two-phase Flow, The Energy-Minimization Multi-Scale Method, MetallugicalIndustry Press, Beijing, China.


